In recent years, shade coffee certification programs have attracted increased attention from conservation and development organizations. The certification programs offer an opportunity to link environmental and economic goals by providing a premium price to producers and thereby contribute to forest conservation. However, the significance of the certification program's conservation efforts is still unclear because of the lack of empirical evidence. The purpose of this study is to examine the impact of the shade coffee certification program on forest conservation. The study was carried out at the Belete-Gera Regional Forest Priority Area in Ethiopia, and remote sensing data from 2005 and 2010 was used to gauge the change of the forest area. Employing the propensity score matching estimation, we found that forests under the coffee certification were less likely to be deforested than forests without forest coffee. By contrast, the difference in the degree of deforestation between forests with forest coffee but not under the certification program and forests with no forest coffee is statistically insignificant. These results suggest that the certification program had a large impact on forest protection, decreasing the probability of deforestation by 1.7 percentage points.
Introduction
Deforestation in less developed countries, mostly in sub-Saharan Africa and Latin America, is a widespread problem. Tilman et al. (2001) estimated that 1 billion hectares of forestland will be converted to agricultural land by 2050. Because deforestation is proceeding most rapidly in areas that are rich in biodiversity (Balmford 1994) , a loss of forest area leads directly to a loss of biodiversity.
Many of the numerous studies on forest management have pointed to the importance of traditional coffee production for forest conservation and biodiversity protection. This coffee is traditionally grown in the understory of shade trees, and the agroecosystems of shaded coffee preserve the forest and provide an important refuge for biodiversity (Perfecto and Snelling 1995; Perfecto et al. 1996; Wunderle Jr. and Latta 1996; Greenberg et al. 1997; Moguel and Toledo 1999; Mas and Dietsch 2004) . In addition, Toledo and Moguel (2012) showed the potential values of a traditional shaded coffee system in terms of the sustainability of livelihoods and landscapes. However, the forest areas currently operating under the shaded coffee system are rapidly being converted into plantations, which offer few or no shade trees, for modern industrial coffee production (Perfecto et al. 1996; Moguel and Toledo 1999) . One of the major reasons for the rapid transformation is the low yield of the shaded coffee system (Rappole et al. 2003b) .
Although the coffee yield has been improved by the modern coffee system, the modern system also has a higher environmental cost. The modern coffee system triggers forest reduction, increased erosion, chemical runoff, and consolidation, the combined effects of which threaten the long-term sustainability of the ecosystem (Perfecto et al. 1996; Staver et al. 2001; Rappole et al. 2003b) . Hence, conserving the forest area under the shaded coffee system and preventing the movement to the modern industrial system are essential from an environmental perspective.
Particularly in recent years, shade coffee certification programs have attracted increased attention from conservation and development organizations aiming to reduce producers' incentives to convert the shaded coffee forest area into plantations for industrial production (Fleischer and Varangis 2002; Philpott and Dietsch 2003; Perfecto et al. 2005; Taylor 2005 ). The certification programs offer an opportunity to link environmental and economic goals by providing a premium price to producers who maintain shade trees and thereby contribute to the protection of forest cover and biodiversity.
The relationship between the shaded coffee system and biodiversity (i.e., an environment rich in orchids, birds, ants, butterflies, and hymenopterans) has been the subject of many studies (Nir 1988; Nestel and Dickschen 1990; Nestel et al. 1993; Moguel and Toledo 1999; Perfecto et al. 2003) . Moreover, many other studies focused on the impact of certification system on the producers' livelihoods (Arnould et al. 2009; Bolwig et al. 2009; Ruben and Fort 2012) . However, few empirical studies have examined the significance of the certification program's conservation efforts. The first ecological evaluation was conducted by Mas and Dietsch (2004) in Mexico, attempting to evaluate the effect of coffee certification on biodiversity conservation. Unfortunately, because they studied an area that was likely to meet the criteria used by the major certification programs, the results may not confirm that the certification program was the cause of the conservation effects.
The study in Mexico by Philpott et al. (2007) Their results revealed that there were no significant differences between certified and uncertified areas in terms of shade management or the diversity of ants and birds. However, the coffee certification programs in their study issued only organic and/or fair trade certifications, and shade coffee certification was not part of their research simply because no farms in the area under study had obtained shade coffee certification. Although other certification programs, such as the fair trade certification and organic certification, include environmental criteria, the main goal of each certification program is different (Ponte 2004) . For example, the purpose of fair trade certification is to guarantee a price floor to marginal producers in less developed countries (Basu and Hicks 2008) . Hence, it is less clear whether other certification programs can be expected to offer conservation of the forests or not (Philpott et al. 2007 ).
Moreover, these previous studies used regressive procedures to examine the differences in the mean outcomes of the target areas and the control areas. The results of this method are most likely biased by the endogeneity of the criteria used to select certificated areas (Imbens and Wooldridge 2008; Blackman and Rivera 2011) . Therefore, although a large number of theoretical studies have focused on shade coffee certification, whether a shade coffee certification program provides a disincentive for shade coffee producers to convert to the modern system is still unclear, and there remains a need for empirical studies that use detailed analysis to evaluate the impact of shade coffee certification on forest conservation. Therefore, this study aims to evaluate the impact of the shade coffee certification program on forest conservation. More precisely, we will evaluate the impact of the certification program on the probability of deforestation. We chose to analyze the certification program by the Rainforest Alliance, a major international NGO based in the US, and we selected Ethiopia as a case study because there is a lack of empirical evidence in the African context (Donald 2004) .
Ethiopia is the first African country to obtain coffee certification from the Rainforest Alliance. In 2007, the NGO certified a group of 555 households that produce shade coffee in the Belete-Gera Regional Forest Priority Area (RFPA). This effort was supported by the Japan International Cooperation Agency (JICA), a Japanese foreign aid agency. JICA implemented a Participatory Forest Management Project (hereafter, "the project") in the Belete-Gera RFPA and established forest management associations to protect forest areas (Takahashi and Todo [2012] conducted the impact evaluation of establishing the forest management associations in this area).
In addition, the project provided a channel for the members of the associations who produced shade coffee within the forest area to obtain certification (hereafter, "forest coffee certification").
In this study, we focus on those association members who obtained forest coffee certification from the NGO in 2007 and 2009. To evaluate the impact of coffee certification on the probability of deforestation, we employed a propensity score matching (PSM) method to control for possible biases.
Description of the Study Area

Description of the Belete-Gera RFPA and the project
The Belete-Gera RFPA is 150,000 ha in size and is located in the Gera District and the Shabe Sombo District in the Oromiya Region ( Figure 1 ). As part of the highland rain forest, the natural vegetation in the Belete-Gera RFPA is subject to annual precipitation of 1,500 mm and an annual average air temperature of approximately 20 degrees Celsius. The topography of the Belete-Gera RFPA is complicated and consists of undulating hills in the 1,200 to 2,900 m range, with steep mountainous terrain in some places. The forest cover in the RFPA has declined significantly despite the government's prohibition of wood extraction in the forest area; more precisely, 40 percent of the forest area in the Gera and Shabe Sombo districts was cleared during the 1985-2010 period (Todo and Takahashi 2011) . The average annual deforestation rate in the Belete-Gera RFPA is approximately 1.7 percent (Takahashi and Todo 2012) .
Wild coffee production and coffee certification
Coffee (Coffea Arabica) is a native species and grows wild in the Belete-Gera RFPA. Because coffee production is not economically practical at high elevations (above 2,300 meters), wild coffee is typically found in the forest at an altitude of approximately 2,000 m (shown in the dark green areas in Figure 1 ). Each wild coffee area is managed by an individual producer, and the right to harvest wild coffee is given to the producer according to the traditional agreement among villagers. Producers commonly dry the wild coffee after harvesting and sell it as sun-dried, shade-grown coffee to local markets, but the selling price has been fairly low (i.e., approximately one US dollar per one kg in 2007 and 2008).
To provide a channel of income for the members of the associations, the project supported the forest associations in their efforts to obtain forest coffee certification from the Rainforest Alliance. Although the Rainforest Alliance originally worked mostly with producers of larger plantations (Méndez et al. 2010) , the Rainforest Alliance also provided the certification program, which excludes modern industrial coffee producers, in an effort to encourage the shaded coffee system to move toward greater sustainability (Mas and Dietsch 2004) . A group of 555 coffee-producing households was certified by the Rainforest Alliance in 2007, and they obtained a price 15-20 percent higher than the regular price in 2008 (Table 1 ). According to the official report by the project, such premium price successfully enhanced the incentive of conserving forest areas among producers (JICA 2010). In 2010, 58 associations took part in the certification program. Thus, the total number of participating coffee producers was 3,050.
Approximately 60 tons of the certified coffee were collected from the all members and sold to the international market in 2010.
Certification was extended to the forest coffee areas within the registered forest and the areas under the natural forest coffee system but not to those under the modern coffee system. Moreover, since the certification was given to each association, all the villagers, including poor producers, were able to participate in the certification program. Once a year, an auditor from the NGO visits and checks the condition of the certified areas and the surrounding forest areas. If an expansion of the modern coffee system areas or a degradation of the forest (e.g., the logging of shade trees) is observed in the certified areas, the certification will be withdrawn.
Data
Remote sensing data
To calculate the probability of deforestation, we considered only the forest-covered area in 2005 and sought to determine whether that area was deforested in 2010. We used the satellite images of Landsat 7 from path/row 170/55 for January 2005 and January 2010 for our analysis.
To distinguish the forest areas from the non-forest areas, we utilized the Normalized Difference Vegetation Index (NDVI), a measure of vegetation commonly used in remote sensing studies (e.g., Tucker et al. [1985] , Davenport and Nicholson [1993] , and Tucker et al. [2001] ).
The NDVI records a value ranging from −1.0 to 1.0 that increases with the degree of vegetation biomass (Jensen 1996) . Following Southworth et al. (2004) , we determined a threshold value of the NDVI for the forest areas based on the information from the satellite images and our fieldwork. We conducted ground-truthing to collect the locational data of 17 points at the boundaries delineating the forest from the non-forest areas that existed during the period of our study (according to interviews with several local residents), and we chose the area with the highest NDVI value for each year as the threshold value for the forest areas. Forest areas are defined as areas that function as forests either physically or socially for local communities (Southworth and Tucker 2001) . Non-forest areas include agricultural lands, young fallow, rangelands, cleared areas, bare soil areas, and urban areas.
Although this methodology has been used in previous studies (e.g., Southworth et al. [2004] , White and Nemani [2006] , and Takahashi and Todo [2012] ), there may be errors in estimating the NDVI threshold value, and these errors can lead to errors in the forest transformation. However, because the same error would affect any locational unit within the same year, the forest change for sub-villages with and without forest certification is over-or underestimated to the same extent. Therefore, the possible errors in the estimation of a forest area from the satellite images do not lead to a bias in the estimation of the impact of forest certification on the probability of deforestation.
Certified forest coffee area and observation grids
The producers who were certified by the NGO usually had the rights to manage and harvest one or two forest coffee areas in the registered forest area. To obtain the locational data of a forest coffee area, we used a global positioning system (GPS) device to map all of the forest coffee areas managed by the certified producers. We selected four sub-villages in the study areas marked with the red diagonal line in Figure 1 and studied 240 forest coffee areas managed by 205 producers in total. In this study, we defined these areas as certified forest coffee areas, whereas the rest of the areas in the registered forest area were defined as forest areas without forest coffee.
The general characteristics of the certified forest coffee areas in the sample are given in Table 2 Table 3 shows the general characteristics of the certified producers who manage 240 plots. Although most of certified producers produced not only the forest coffee but also modern coffee using the improved seeds, the total area of the modern coffee is less than the size of the certified forest coffee area. The average size is 56.6 are for the modern coffee and 21.5 are for certified forest coffee, which indicates that the modern coffee system in this area is not quite like an industrialized system or plantation. (Table 4 ). All characteristics of the certified forest coffee area and the forest area without forest coffee were significantly different (p<0.01).
Method
In this study, we evaluated the impact of forest coffee certification on forest conservation by using a PSM method to reduce possible bias, such as selection bias (detailed explanation is in the Appendix). The PSM method is commonly used in the study of the impact evaluation. For example, Ruben and Fort (2012) used the PSM method to evaluate the impact of fair trade certification on production and livelihood in Peru.
To quantify the impact of the forest coffee certification program, we first compare the probability of deforestation between the certified forest coffee area issued in 2007 and the forest area without forest coffee. The difference between the two groups reflects the effect of forest coffee certification on forest protection. However, the difference may also incorporate the effect of having coffee in the forest, regardless of whether the forest coffee is certified or not. For example, keeping forest near coffee trees may lead to a larger yield of coffee, because coffee needs some shade to grow. To highlight the effect of forest coffee without certification, our additional estimation compares between the certified forest coffee area issued in 2009 and forest area without forest coffee. In this analysis, the forest coffee area certified in 2009 is treated as the forest coffee area without certification. This treatment is justified by the fact that the certification was made in November 2009 and the remote sensing data on the forest is available only up to January 2010. Two months are too short for the certification to have any effect. Therefore, by looking at the difference between the forest coffee area certified in 2009 and the forest area without coffee, we can examine the effect of forest coffee without certification.
The two estimations -differed probabilities of deforestation between the forest coffee area certified in 2007 and the area without coffee on the one hand and differed probabilities of deforestation between the forest coffee area certified in 2009 and the area without coffee on the other -will help us to more accurately evaluate the effect of the forest coffee certification.
To obtain the PSM estimator of the effect of the treatment (i.e., the forest coffee certification), we first used a probit model to examine how forest coffee areas were selected for the certification program. Since forest coffee is wild coffee, the selection should have been made by geographic and ecological factors, rather than socioeconomic factors. Following the studies by Takahashi and Todo (2012) , Cropper et al. (1999) , and Chomitz and Gray (1996) , our geographic and ecological covariates in the probit estimations include: the distance to the closest project office (the project has two offices located in the Belete-Gera RFPA); the distance to the village; the distance to the main road; average elevation; average slope; the dummy variable for acrisol; and the dummy variable for Gera District. Acrisol is a soil with subsurface accumulation of low activity clays and low base saturation; in other words, acrisol is unfertile.
In the benchmark (additional) case, the dependent variable of our probit estimation is a dummy variable which takes a value of 1 if the observation grid is in a forest coffee area where the certification was issued in 2007 (2009) 
Estimation Results
Matching procedure
The results of the probit estimation are presented in Table 5 . We found that almost all of the variables had a significant effect. The goodness-of-fit can be measured by the pseudo R-squared, and both probit estimations showed a fairly large pseudo R-squared, such as 0.24 and 0.42.
Based on the propensity score from the probit estimation, we created a new control observation group such that the treatment group and the new control group would have similar characteristics. In this study, we employed the one-to-one matching with a caliper of 0.001. A common support condition has to be implemented to satisfy the overlap assumption. In other words, in the treatment group, we dropped the observations whose propensity scores were higher than the maximum score or lower than the minimum score of the observations in the control group. Each treatment observation was compared with the weighted average of all of the control observations in the common support region.
To check the characteristics of the treatment group and the control group after the matching, we conducted two types of balancing tests. First, a t-test was used to compare the mean of each covariate between the treatment group and the control group after the matching.
The results of the t-test for the PSM estimation are presented in Table 6 . The first column in each estimation (i.e., columns 1 and 3) shows the mean difference between the treatment group and the control group for each covariate before the matching, and the second column (i.e., columns 2 and 4) represents the difference after the matching with the t-values in parentheses. The results showed that the difference in all of the covariates before the matching turned to be insignificant after the matching, indicating that the characteristics of the control group are sufficiently similar after matching. Next, we ran the probit estimation using the sample after the matching and compared the pseudo R-squared with that obtained from the probit estimation using the sample before the matching. If the matching were successful, the pseudo R-squared after the matching would have a lower value than that before the matching, which would indicate that the after-matching probit has no explanatory power. The results shown in the lower rows of Table 6 indicated that the pseudo R-squared values of both estimations drastically decreased to 0.00. The second balancing test confirms that there is no systematic difference between the treatment and after-matching control groups.
Impact of the forest coffee certification program
After the matching procedure, we computed the PSM estimation given by equation (5) based on the treatment and control groups. In most studies, the standard error is obtained by bootstrapping (Caliendo and Kopeinig 2008) . In this study, we also used the bootstrapping standard error based on 100 replications, following Smith and Todd (2005) .
The results of the benchmark PSM estimation, which are given in the first column of Table 7 , show that the probability of deforestation in the certified forest area (2.8 percent) is lower than that of the forest area without forest coffee (4.5 percent), and the difference, 1.7 percentage points, is statistically significant at the 5-percent level. As we argued in Section 4, the difference reflects the effect of the forest coffee certification and forest coffee itself. On the other hand, the results of the additional PSM estimation, given in the second column of Table 7, indicate that the mean difference between uncertified forest coffee areas and forest areas without coffee is fairly small (i.e., 0.6 percentage points) and, most importantly, the difference is statistically insignificant at any reasonable level of significance. This implies that uncertified forest coffee is not helpful to forest protection. Combining the results from the two PSM estimations, we conclude that the forest coffee certification program reduced the probability of deforestation by 1.7 percentage points.
Discussion and Conclusion
We ran two PSM estimations to evaluate the impact of the certification program. We found that the probability of deforestation in the certified forest coffee area was smaller than the forest area without forest coffee by 1.7 percentage points, while there was no significant difference between the non-certified forest coffee area and forest area without forest coffee. Therefore, our empirical results indicated that the forest coffee certification program had a positive effect on forest conservation, which supports the previous theoretical studies on certification systems (Fleischer and Varangis 2002; Philpott and Dietsch 2003; Perfecto et al. 2005; Taylor 2005 ).
The exploration of the reasons for this result is not the subject of this paper. We can just mention a few possible reasons raised by former studies. For instance, Philpott and Dietsch (2003) and Perfecto et al. (2005) clearly stated that a financial incentive is the most important aspect; the idea of the certification system would collapse if the return to producers were insufficient, which would consequently trigger the temptation to convert forest land into an industrial area. In the area under study, the certified producers sold the certified coffee at a price that was 15 to 20 percent higher than that of regular coffee. Some of the certified producers complained about the delay of payment caused by the project, but all of them were satisfied by the return (JICA 2010).
Another important aspect is the auditing system and regulation. Philpott and Dietsch (2003) pointed out the importance of regulation by certifiers to prohibit the extraction of wood and the conversion of primary forest areas; certifiers should prohibit certification if a regulation is violated. The certifier of this study area, such as the Rainforest Alliance, audits the condition of forest area once a year. Such auditing system encourages the certified producers to keep to the regulation, resulting in the conservation effort in the study area.
These results could provide useful information to the fields of forest conservation and forest management. The project decided to obtain the certification from the NGO for coffee because coffee was a valuable natural resource in the area under study. However, other natural resources, such as honey and herbs, also have the potential to be certified. There is a good possibility that the forest management system and the system for certifying natural resources will be adapted by regions outside of Ethiopia or Africa.
However, this study only examined the impact on forest conservation, not on forest degradation. As Rappole et al. (2003b) noted, one potential problem with the certification program is that it could create an incentive for the producers to convert an existing primary forest area into an area that produces shade coffee. Although a shaded coffee system represents an important refuge for biodiversity (Estrada et al. 1993) , it cannot provide an ecosystem that is comparable with that of the native forest (Perfecto et al. 2003) . Therefore, a certification program may encourage forest degradation instead. Conversely, Philpott and Dietsch (2003) dispute the claims of Rappole et al. (2003b) and argue that such degradation can be prevented.
However, the discussion between Philpott and Dietsch (2003) and Rappole et al. (2003a) has not yet reached a consensus. Therefore, future researchers must further study the impact of the certification program on forest degradation. Furthermore, although we observed the overall conservation impact of the certification, the conservation efforts may differ according to the producers' characteristics. Further study is needed to determine how socioeconomic factors of the producer affect the forest transition and certification effort.
Appendix: Empirical Framework
This paper specifically examines the average effect of treatment on the treated (ATT), which is specified as follows:
where D i is a dummy variable indicating that grid i is a certified forest coffee area or a forest area without coffee. Y i is a dummy variable that takes a value of 1 if grid i were deforested in 2010. X i denotes the environmental characteristics of grid i. ATT is the average difference between the probability of deforestation in certified forest coffee areas and the counter-factual probability that would exist if these areas had not been certified by the NGO.
To identify ATT, we must satisfy the following two assumptions (i.e., conditional independence and overlap) (Rosenbaum and Rubin 1983) :
The first assumption given by equation (2) implies that given a set of observable characteristics X that are not affected by treatment; the outcomes are independent of the treatment assignment.
The second assumption given by (3) ensures that the grids with the same X values have a positive probability of obtaining the certification and the control observation. Rosenbaum and Rubin (1983) designated these two assumptions as 'strong ignorability'.
To estimate ATT, this study made use of the PSM method developed by Rosenbaum and Rubin (1983) . The PSM estimator is simply the mean difference in outcomes over the common support, which is appropriately weighted by the propensity score (i.e., the probability of obtaining certification). Hence, ATT in equation (1) becomes: ).
One advantage of using remote sensing data is that we can build panel data for the analysis. If panel data are available, a difference-in-differences (DID) PSM estimation of the ATT can be employed, as proposed by Heckman et al. (1997 Heckman et al. ( , 1998 . Thus, we can eliminate time-invariant effects on the outcome variable. The DID-PSM estimation used in this study is defined as:
where ΔY i ≡Y it -Y is and t and s are the post-and pre-program periods, respectively. I 1 and I 0 are the treatment and matched control groups, respectively. N denotes the number of observations in the treatment group. Finally, W is a weight determined by the distance between the propensity scores of the treated and matched control observations. Note: * indicates statistical significance at the 5 percent level.
